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COMPRSI1ENSIVE RADIOLOGICAL SURVSY

OFF-SITE PROPERTY S

NIAGAM FALLS STORAGE SITE

LEWTSTON, NEW YORK

INTRODUCTION

B e g i n n l . n g i n l g 4 4 , t h e M a n h a t t a n E n g i n e e r D i s t r i c t a n d l t s s u c c e s s o r , E h e

A t o m i c . E n e r g y C o m m i s s l o n ( A E c ) , u s e d p o r t l . o n s o f t h e L a k e O n t a r i o o r d n a n c e

W o r k s ( p r e s e n t l y r e f e r r e d t o a s t h e N i a g a r a F a l l s S t o r a g e S i t e ( N r s S ) a n d

off .s l te propert ies),  approximately 3 !m northeast of Lewlston, New York, for

storage of radioactive lf,astes. These wastes lfere prlmarily residues from

u r a n l u m p r o c e s s i n g o p e r a t i o n s ; h o w e v e r ' t h e y a l s o l n c l u d e d : c o n t a m i n a E e d

rubble and scrap from decornmlssloning acEivities' biologlcal and miscellaneous

tasies from the university of Rochester, and lolrlevel fisslon-product ltast'e

f r o m c o n t a m l n a t e d . l l q u i d e v a p o r a t o r s a t t h e K n o l l s A t o m i c P o w e r L a b o r a t o r y

(KAPI). Recelpt of radloactive waste was discontlnued ln 1954, and, followlng

c l e a n u p a c t i v l t i e s b y l l o o k e r C h e n i c a l C o . , S 2 5 h e c t a r e s o f t h e . o r l g l n a l

6 l 2 . h e c t a r e N F s s w e r e d e c l a r e d s u r p l u s . T h i s p r o p e r t y l ' a s e v e n t u a l l y s o l d b y

t h e G e n e r a l s e r v i c e s A d m i n i s t r a t i o n t ' o v a r i o u s p r i v a t e , c o o m e r c l a l , a n d

governmental agencies' 
I

s c A C h e m l c a l S e r v i c e s , I n c . , ( s c A ) i s E h e c u r r e n t o w n e r o f a t r a c t

ident i f ied as off-s i te property s (see Figure 1) '  A radiological  survey of

t h a t t r a c t ' c o n d u c t e d l n A p r l l - J u n e l g s 3 , i s t h e s u b j e c t o f t h i s r e p o r t .

SITE DESCRIPTION

F i g u r e 2 i s a p l o t p l a n o f o f f . s i t e P r o p e r t y S . T h e p r o P e r t ' y o c c u p i e s

approxima teLy 9.2 hecLares, and is bounded on Ehe north by "M" streeE and on

E,he east by canpbell street. The Department of Energyrs Nlagara Falls SEorage

S i t e i s l o c a t e d d i r e c t l y s o u t h o f P r o P e r t y S ' a n d E h e t o w n o f L e w i s t o n o m r s

the parcel of land bordering the siEe on the west'

I
i
I

I

l l



T h i s P r o P e r t y i s P r e s e n t l y u n u s e d a n d i s P a r t l a l l y o v e r g r o w n w i t h

b r u s h , w e e d s , a n d E r e e s . T h e r e a r e n o s L r u c t u r e s o n t h e s l t e ; h o w e v e r , t h e r e

l s a c o n c r e E e p a d a d j a c e n t t o . M . s t r e e t . T h e C e n t r a l D r a l n a g e D l t c h p a s g e s

through the Property in a north/south directlon'

Radlologlcal ll istory

T h e r e l s o o e v i d e n c e o f s t o r a g e o r b u r i a l o f c o n t a m l n a t e d n a t e r i a l o n

t h i s p r o p e r t y . P r e v i o u s s u r v e y 8 h a v e l n d l c a t e d e l e v a t e d r a d l a t l o n l e v e l s

a l o n g p o r t l o n s o f t h e C e n t r a l D r a J . n a g e D l t c h a n d a l o n g C a o p b e l l a n d

s t r e e t s . T h e s e l a t t e r a r e a a n a y b e a t t r l . b u t a b l e t o n a t u r a l l y o c c u r r l n g

radlonuclides ln the roadbed slag'l-3

SURVEY PROCEDURES

A comprehenelve survey of NFss off-slte property s was performed by the

R a d i o l o g l c a t . s l t e A , s s e s s m e n t P r o g r a m o f o a k R i d g e A s s o c l a t e d U n i v e r s l t l e s

(ORAU), durlng the period of Aprl1 13 June 2' 1983' The survey was ln

accordance wtth a plan dated ltarih 14, 1983' .approved by the Departmena of

Energyfs Office of Nuclear Energy' The obJective and procedures from that

p l a n a r e p r e s e n t e d l n t h l s s e c t l o n . I t s h o u l d b e n o E e d t h a t t h e C e n t r a l

D r a i n a g e D i t c h a n d a n e a s e m e n t , 1 3 m e l t h e r s l d e o f t h e u P P e r b a n k o f t h e

d l t c h , a r e b e l n g s u r v e y e d a n d d r e d g e d b y B e c h t e l N a t i o n a l , I n c . ; t h t s a r e a w a s

therefore excluded froo the ORAU survey'

Obiect ive

provide a comprehensive assessrnent of

S. Radlological lnformatlon collectedThe objective of the survey was Eo

the radiologlcal condLtlons on Properfy

lncluded:

l .

2 .

3 .

4 .

d i r e c t r a d i a t i o n e x p o s u r e r a t e s a n d s u r f a c e b e t a - g a n n n a d o s e r a E e s '

locatlons of elevated surface residues'

c o n c e n t r a t l o n s o f r a d i o n u c l l d e s i n s u r f a c e a n d s u b s u r f a c e s o l l '

concentratlons of radionuclides in surface and ground \{ater' and



5 . c o n c e n t r a t l o n s o f r a d l o n u c l i d e s l n s e d i m e n t s a m p l e s f r o m d r a i n a g e

dltches.

1 . SLte PreParation

Brush and weeds were cleared as needed to provide accegs for

gridding and surveying' and a 40 m grld system was

establlshed. These services were provlded by t'lclntosh and

Mclntoeh of Lockport, IIY' under subcontract' Ttris grid

systeu is shown on Flgure 3'

An area, 30 n x 50 m, around a concrele pad adjacent to '11['

Street was subdlvided into 5 m intervals by the ORAU survey

team. Ttris subdivislon ltas performed as a result of the

generally elevated direct radiatLon ievels noted ln this

area during the walkover scan'

Procedures

8 o

b o

2 . Ganrna exPoaure rate measurements were nade at the surface and at

1 n above the surface at each accessible lntersectlon of najor

g r i d l l n e s . M e a g u r e m e n t s w e r e p e r f o r m e d u s l n g P o r t a b l e g a m l a

NaL(T1) sclntll latlon survey meters' Conversion of these

Eeaaurements Eo exposure rates in microroentgens per hour (uR/h)

w a s i n a c c o r d a n c e l r i t h c r o s s c a l i b r a t i o n t l i t h a P r e s g u t L z e d

ionlzation chamber'

Beta-ganna dose rate measurements were performed I cm above the

surface aE each accesslble grid line intersecEion' These

measuremenEs were conducted using thin-window G7 ltrg/cnz) G-M

d e t e c t o r s a n d p o r t a b l e s c a l e r / r a t e m e t e r s . l , l e a s u r e E e n t s w e r e a l s o

o b t a i n e d l ' i t h t h e d e t e c t o r s h l e l d e d t o e v a l u a t e c o n t r i b u t i o n s o f

nonPenetratlng beca and low-energy gamna radiatlons' Meter

readlngs \tere converted to dose-rate ln microrads per hour

( u r a d / h ) , b a s e d o n c r o s s c a l i b r a t i o n w i t h a t h i n - w l n d o w l o n i z a t i o n

chamber.

,l

3 .



4 .

5 .

Surface (0-15 cn) soil samples of approxinately I kg each were

col lected at each accessible gr id l ine lntersect lon'

W a l k o v e r s u r f a c e s c a n s w e r e c o n d u c t e d o v e r a l l a c c e s s l . b l e a r e a s o f

Ehe proPerty. Scanning intervals were L-2 m along roads and in

a r e a s w h e r e e l e v a t e d r a d l a t l o n l e v e l s \ ' e r e o b s e r v e d ; l n o t h e r

areas scanning was at 2-5 m intervals' Portable garma

scLntlllatlon survey meters were used for these scsnS' Locations

of elevated contact radiatlon levels were noted'

At locatl0ns of elevated surface radiatlon levels' gamma exposure

r a t e s a t l n a b o v e t h e s u r f a c e a n d b e t a - g a r n m a d o s e r a t e s a t l c m

above the surface were neasured' Surface soil samples were

obtained from these locatlons and, followlng sanpllng, the surface

e x P o s u r e l e v e l s ! ' e r e r e m e a s u r e d t o e v a l u a t e t h e e f f e c t l v e n e s s o f

shallow sanpling on removal of the radlation source'

Detection sciences Group of carllsle, MA, performed ground

penetratlng radar surveys ln the viclnity of the concrete pad and

at proposed borehole Locations' The purpose of these radar scans

noa: to ldentlfy subsurface objects or anomalies whlch night be'

l n d l c a t l v e o f b u r i a l s o n c h e s l E e a n d t o i d e n t l f y t h e p r e s e n c e o f

underground plplng or ut11lties which would preclude borehole

dr i l l i ng .

Borehores rrere drilled to provide a mechanlsm for logging

s u b s u r f a c e d i r e c t r a d i a t i o n p r o f i l e s a n d c o l l e c t i n g s u b s u r f a c e

so'l and water sanples. Seven boreholes Eo ground \'ater depch

( 2 - 6 n ) a n d E e n s h a l l o w e r ( I . o - 1 . 5 n ) b o r e h o l e s w e r e d r i l l e d b y

Slte Englneers, Inc' ,  of  Cherry 11111' NJ'  uslng a truck mounted

zo cm diamecer hollorstem auger. The shallow boreholes ltere

p r l m a r i l y a t l o c a t ' i o n s w h e r e d l r e c t ' r a d l a t l o n m e a s u r e m e n t s h a d

indicated possible conEaminat ion'  The locat ions of these

boreholes are shown on Flgure 4'

6 .

7 .

8 .



Ihe boreholes were galma scanned over thelr entire length for the

presence of subsurface residues' RadLatlon profiles ln the

boreholes rrere 'determined by @aaurenents of ganftr radiatlon et

15-30 cu inLervaLs between the surface and ground fater (deeP

h o l e s ) o r t h e h o l e b o t t o m ( s h a l l o w h o l e s ) a n d a t l o c a t i o n s o f

e l e v a t e d r e a d l n g e i d e n t l f i e d b y t h e b o r e h o l e s c a n . A c o l l l n a t e d

gauna scintil latLon detector and portable scaler ltere used for

these BeasuremenLs'

I{ater samples of approxinately 3'5 llters each were collected from

slx borehole locatlons using a hand bailer' Soil samples of

a P p r o x l m a t e l y l k g e a c h w e r e c o l l e c t e d f r o m v a r l o u s d e p t h s l . n t h e

hoLes by scraping t'he sldes of the borehole with a specLally

constructed samPllng tool'

9 . One ltater samPle ltas

Flgure 5).

collected frou an on-slte dlLch (see

10 . S e d i n e n t s a m p l e s w e r e c o l l e c t e d f r o m f o u r l o c a t i o n s l ' n o n . s l t e

di tches (see Flgure 5) '

T w e n t y s o i l s a m p l e s a n d S e v e n w a E e r s a u p J - e s I ' e r e c o l l e c t e d f r o m

the Lewtston area (but not on NFSS or assoclated of f -slte

p r o p e r t l e s ) t o p r o v i d e b a s e l i n e c o n c e n t r a t l o n s o f r a d l o n u c l i d e s

f o r c o m p a r l s o n P u r P o s e s . D i r e c t b a c k g r o u n d r a d l a t l o n l e v e l s w e r e

m e a s u r e d a t l o c a t i o n s $ r h e r e b a s e l l n e s o l l s a m p l e s w e r e c o l l e c t e d .

T h e l o c a t i o n s o f t h e b a s e l i n e s a m p l e s a n d b a c k g r o u n d n e a s u r e m e n t s

are shown on FLgure 5'

l l .

Sample Analyses and InterPretation of Results

S o l l a n d s e d l m e n E " " ' p l " " w e r e a n a l y z e d g y g a l D m a s p e c t r o m e t r y .

Radlun-226 was Ehe oajor radionucllde of concern' although spectra were

revlewed for cs-137, u-235, u-23g, and oEher gamma emltters '  water samples

w e r e a n a l y z e d f o r g r o s s a l . p h a a n d b e t a c o n c e n t r a t i o n s . T w o s a m p l e s w e r e a l s o



anaLyzed for Ra-226 concentraEions. Addltional- lnformation concerning

analytical equiprnent, and procedures ls contained in Appendix A'

Resulcs of this survey irere compared to the applicable guidelines for

formerly util ized radioactive materials handling sites, wtrtch are present'ed in

Appendlx B.

RESULTS

Background Levels and Baseline Concentrations

Background exPosure rates and baselLne radlonuclide concentrations in

soil, determlned for 20 locations (Flgure 6) in the vicinlEy of Ehe Niagara

Fal1s Storage Site, are Presented in Table l-A. Exposure rates ranged from

6.8 to 8.8 uR/h ( typical  levels for this area of New York) '  concentrat ions of

radionuclides in sol1 were: Ra'226' <0.09 to l'22 pCL/g (picocuries Per

g r a n ) ; E - 2 3 5 ' < 0 . 1 4 t o 0 ' 4 6 p c t / E ; U - 2 3 8 ' < 2 ' 2 O t o 6 ' 2 6 g c l - / e ; T h - 2 3 2 '

0 . 3 2 t o 1 . t 8 p C l / g ; a n d C s . 1 3 7 , ( 0 . 0 2 t o 1 . 0 5 p C i / g . T h e s e c o n c e n t r a t l o n s a r e

Eypical of the radionucllde levels normally encountered in surface soils'

Radioactlvity levels In baseline ftater samples are presented in

Table l-B. The gross alpha and gross beLa concentrations ranged from

0 . 5 5 t o 1 . 8 7 p C l / l ( p l c o c u r l e s P e r l i t e r ) a n d < 0 . 6 3 t o 1 4 . 3 p C L / L ,

respectively. These are typlcal of concentrations normally occurring ln

surface l tater '

Dlrect RadlatLon Levels

D i r e c t r a d i a t i o n l e v e l s , m e a s u r e d a t 4 0 n g r l d i n t e r v a l s ' a r e p r e s e n t e d

i n T a b l e 2 . T h e g a m n a e x P o s u r e r a t e s a t l m a b o v e t h e s u r f a c e r a n g e d f r o m

g t o 1 6 u R / h ( a v e r a g e l l u R / h ) . S u r f a c e c o n t a c t ' e x p o s u r e r a t e s a l s o r a n g e d

fron 9 to 16 un/h (average 11 uR/h) '  Beta-gamna dose rates at the surface

ranged from 9 Eo 18 urad/h (average 12 prad/h) ' Measurements performed with

rhe deEec.or shielded averaged approximately zoi( less than those with the

unshielded detecEor. This indicaEes only a smal l  port ion of the surface dose

rate is due Eo nonpenetrat, ing beta or low-energy photon radiat ions'  These

m e a s u r e m e n t s i n d i c a t e d s l i g h t l y h i g h e r l e v e l s a l o n g C a m p b e l l S t r e e E .



I

The walkover survey ldentified one area of generally' hlgher dfrect

radiatLon levels. ThLs area was between grid line 5S' 30s' o' and 50w' in the

viclnity of a concrete pad. Table 3 presents dlrect radlatlon levels neasured

at 5 n intervals in that 8f,€8' Exposure rates at these locations ranged from

l o t o 3 2 u R / h a t , l u i a b o v e t h e s u r f a c e a n d f r o m l 0 t o 5 0 u R / h a t s u r f a c e

contact. Beta-ganna doee rates ranged from 10 to 130 urad/h' Levels I'ere

generally higher on the east' west' and south sides of thLs pad'

S e v e r a l s n a l l , l s o l a t e d r e g i o n s w i t h c o n t a c t r a d i a t l o n l e v e l s

s l g n t f i c a n t l y h l g h e r t h a n t h o s e o n a d j a c e n t a r e a s w e r e a l s o i d e n t l f i e d b y t h e

surface scan. These locations are shown on Figure 3' and the associated

radlation levels are presented in Tabl,e 4' Ganma exPoaure rates at' contact

w l . t h t h e s e r e g l o n s r a n g e d f r o n 2 4 t o S E u R / h . T h e h l g h e s t l e v e l w a s o e a s u r e d

at grid point zzSrLlW near the concrete pad' surface beta-gamna dose rates aE

these locatlons ranged from 35 to 100 urad/h'

A t t r o s t l o c a t l o n s ' c o n l a c t e x P o s u r e r a t e s w e r e n o t r e d u c e d b y s o l . l

sampllng; e:(posure rates actually increased follow'Lng' saupllng at several of

the locatlons. For example' the conEact exPoaure rate after sanplLng at

22s,nW (locarlOn 3) was r20 uR/h as coopared to the level of 88 UR/h before

s a u p l i n g . T h e s e r e s u l t s i n d i c a t e t h a t t h e c o n t a m l n a t i o n e x t e n d s g r e a t e r t h a n

15 cn below the surface and/or ls diffused rather than ln dlscrete deposits'

Radionuclld" Cot."ott"tloo" io So

T a b ! . e 5 l i s t s t h e c o n c e n t r a t l - o n s o f r a d i o n u c l i d e s m e a s u r e d i n s u r f a c e

soil from 40 rn grld intervals. These samples contalned R,-226 concenLratlons

r a n g i n g f r o m 0 . 3 l t o 2 . g o p c L / E . T h e h t g h e s t l e v e l w a s i n t h e s a m p l e f r o m

grid locatlon 35,120w. A11 sanples collected along the shoulder of '}1'. Street

cont,alned slighrly elevared Ra-zz6 revels, ranging from 1'48 to 2'9o pcL/E'

Ra-zz6 concentrat,lons in other sysEematlc samples and concentraEions of u-235'

v - 2 3 8 , a n d C s - l 3 T w e r e n o t s l g n l f l c a n t l y d l f f e r e n t f r o m t h o s e i n b a s e l l . n e s o l l

samples.

in surface sol l  samples, col lected at 5 n

concrete Pad, are presenEed ln Table 6'

t

Concentratlons

inLervals f rom Lhe

of radionuclides

vlcinitY of the



;

pa-zz6 concentratlons 1n these sanples ranged from 0.55 to 34'9 F,ct/g' These

samples contained u-238 concentratlons ranglng fron (0'84 to 34'2 pCL/E' Ttre

u-23g and ?a-226 levels rrere generally equivalent ltlthln the statlstical

errors of measurement' Thls equilibrium suggests naturally occurring

naterlal. .The elevated areas around the Pad were noted to contaln a layer of

crushed rock. X-ray fluorescence and neutron activatLon analyses of samples

of this rock showed the composition to be prinarily ealcium and sllicon wlth

snarrer or trace levels of iron, strontluo, titanlum, lead, nanganese ' zLrtc'

c o p p e r r a l u m l n u m r c h r o m l u E r z l r c o n l u m ' n r b l d i u m ' t h o r i u m ' a n d u r a n i u m '

T h e r e s u l t s l n d l c a t e t h a t t h e r o c k i s p r o b a b l y p e e u d o w a l l a s t o n l t e a

s J . a g u a t e r i a l p r o d u c e d d u r l n g t h e s e p a r a t l o n o f e l e m e n t a l p h o s p h o r u s .

previous lnvestl-gations by oak lIldge Nat'ional Laboratory have shown this

naterlal to be comonly used for fill and as e pavi'ng base in the Nlagara

Falls, New York area.4 Ttrere is.no evidence that this naterial lta6l assoclated

w l t h p r e v l o u s } d a n h a t t a n E n g i n e e r D l s t r i c t o r A t o n i c E n e r g y C o m i s s l o n

actlvlties on the ProPertY'

A n a l y t i c a l r e s u l t s f o r s a h p l e s c o l l e c t e d f r o m l o c a t i o n s o f e l e v a t e d

contact radlation levels are presented in Table 7 ' A11 of these samples 
i

contained Ba-226 conceotrations exceedLng the baseline Levels' samples 83-88

were from the vlcintty of the concreEe pad; other analyses lndlcate that thelr

radionuclide conEeot ls not attrlbutable to government operations at this

s i t e . S a m p l e s B l - A a n d B l - B a r e a l s o o f t h e s a m e c o o p o s t t i o n . S a m p l e 8 2 ( g r i d

potnr 1925, 47E) contains 62.3 pCL/g of Ra-226 and I2'2 pCLlg of u-238' This

s a m p l e c o n s l s t s n a l n l y o f s o i l , a n d t h e u n e q u a l l e v e l s o f R a - 2 2 6 t o U - 2 3 8

l n d i c a t e t ' h a t t h i s l s p r o b a b l y c o n t a m i n a t i o n r e s u l t l n g f r o m p r e v i o u s M E D / A E C

act iv i t les at thls si te '  These samples did not contaln Cs-137 or other

r a d i o n u c l i d e s a t l e v e l s d l f f e r l n g f r o m t h o s e n o r m a l l y P r e s e n t i n s o i l .

Ground Penetratlng Radar Findings

T h e s u b c o n t r a c E o r I s r e p o r t , s u m a r i z l n g

survey results for proPerty S is provided

interferences (probably piping) were deEected

boreholes, necesslcat ing sl ight relocat lon of

indication of burled objects in the vicinlty of

the ground PenetraLing radar

ln APPendix C. Subsurface

at several  Polnts ProPosed for

drill lng Points. There was no

the concrete Pad'



Borehole Gama-Lo gglng lleasurements

E l e v a t e d s c i n t i l ] - a t i o n n e a s u r e m e n t ' s w e r e n o l e d o n l y l n b o r e h o l e s d r t l l e d

in the viclnlty of the concrete pad and at locations of elevated surface

radiation levels. In all eases these Eeasurements lndlcated Lhat the

contaminatlon ls cooflned wlthln 15 to 30 cm of the surface' As evidenced by

sample analyses, the gaama count rates deternined by the borehole @asurements

w e r e r e l l a b l e l n d l c a t o r s o f e l e v a t e d s u b s u r f a c e r a d i o n u c l i d e l e v e l s . . I l o l g e v e r '

t h e g a u m a l o g g i n g d a t a w a s n o t u s e f u l l n q u a n t l . f y i n g t h e r a d i o n u c l i d e

concen.ratlons ln the subsurface soil, because of the varylng ratlos of Ra-226

and U-238 occurrlng Ln soLl and rock from this site'

Radlonuclide Concentrations in Subsurface Soil

Table 8 presents the radlonuclide concentrations neasured in soil samples

from boreholes. fire - seven boreholes (Itl-tl7) ' selected to provide a

r e p r e s e n t a t l v e c o v e r a g e o f t h e p r o p e r t y , h a d s u b s u r f a c e r a d l o n u c l i d e

concentratlons elther ln the range of basellne samples or less than the

minimum detectable actlvity (MDA)' i

Boreholes tl8-Ir15 rirere in the vl.clnity of the concrete Pad, where the

walkover scan aurvey had identlfied elevated direct radiatlon levels' Garnna

radiatlon logglng dld not ldenttfy the Presence of slgnifLcant subsurface

resldues. The maxLmum subsurface Ra-226 concentratlon waa 3'43 pCL/E'

Boreholes 1116 and II17, near lsolated areas of elevat'ed direct radiation' did

not contaln Ra-226 levels differlng from those ln baeelLne solls' None of the

subsurface samples contalned elevated concentratl-ons of u-235' U-238' Cs-137

or other gamna enitting radlonuclides'

Radlonucllde Co@

The resulEs of

be noted that all

so l ids ,  resu l t ing

waEer sample analyses are presented ln Table 9' It should

water samples contained high concentrations of dissolved

in residues, which adversely affected the measurement



I water obtalned from sLx of the boreholes contained gtoss alpha

concentratlons ranglng fron (1.70 Eo 6.87 pCL/l and gross beta concentrat'loos

ranging from <2.75 to 25.3 pCL/L. The surface frater sample and the sample

from borehol-e tll were also analyzed for Ea-226 and found to contalr;. 0'21 pCL/L

and 0.28 pCl/ l ,  resPect ivelY.

sensitivttles and errors for the gross alpha and gross

surface water sampled, collected from a drainage dltch'

and 41.4 pQL/L'  groes alpha and gross beta, respect lvely '

beta procedure. The

conta lned 15 . l  PCl / f

four sedlment samples collected from

Drainage Ditch) on Property S were ln

Nlagaqa Falls Storage Site

Al1 exposure rates at I m

below the 60 uR/h criterl-a

Concentrations of radionuclides in

dralnage dltches (other Ehan the Central

the ranges of levels in basellne soil'

COUPARISON OF SURVEY RESULTS WITII GUIDELINES

The guldellnes appllcable to cLeanup of the

off-slte properties are presented in Appendlx B'

above the ground surface on Property S are well

establlshed for oPen land aE€trs'

There ls an area adjacent to the concrete pad where the Ra-226 soll

concentratlons, averaged over 100 g,2, exceed the level of S pCL/g above

background. Further analysis of sauples from this area indicates EhaE the

elevated radlonuclide levels are contained in a rock slag eoomonly used for

f111 and as a paving base. This oaterlal originates fron chenical processlng

operations and the radium and uranium levels contalned in it do not resulE

fron prevlous government act,lvities on this site' A siuilar oaterial has been

noted at numerous locaEions on Ehe NFSS and the off-stte properties and in the

Niagara Falls and Lewlston areas. Tttere is one smaLl isolated area at grld

location 1925, 478 which aPpears Eo be Pa'-226 contam{nation assoclated with

previous sl te act iv i t les; however,  the concentrat ions averaged over 100 n2

would be below the 5 PCL/g cr lEeria level '

t 0



Groundlenetrating radar did not indlcate the presence of subsurface

objects which would suggest burled materials. Borehole measurements and

sarnpllng indicate al1 subsurface soiL concentratLons are within the applicable

guidellnes of 15 PCl/g fot Ra-225.

Radlonucllde concentrations !n subsurface ltater samples are wlthin the

EPA Interln DrLnklng Water Standards. The one surface water sample collected

from a dralnage ditch slightly exceeded gros's alpha concentratlon linits of

15 pcl/f, hrt the Ra-226 level ln the sample (0.27 pCL/L) was weLl wlthln the

lintt set by the EPA.

SI]MMARY

A c o m p r e h e n s l v e s u r v e y o f o f f - s l t e p r o P e r t y S a t t h e N l a g a r a F a l l s

storage slte was conducted by oak Ridge Assoclated universities during

Aprll-June 1983. The survey lncluded surface radlation scans' masurements of

dlrect radlation levels, and analyses of radionuclide concenLratlons ln

surface and subsurface sol1 and water samples. Analyses of sediment samples

were also performed. Ground Penetratlng radar was used to identify subsurface

anooalies, whlch nlght suggest burled naterlals

The results of the survey lndicated areaa of crushed rock 'containLng

Ba-226 and U-238. This naterlal ls belleved to be chenlcal proceeslng slag

connonly used for f111 and as a paving base in the Nlagara Falls area' It ls

not attrlbutable to Prevtous radLoactive ltaste handllng and storage activlties

at this sl te.

No subsurface soll contaminatlon was noted'

EPA Interin Drinking Water Standards, with the

nater sauPle.

Water samPles are wlthln the

exception of the one surface

Radlonucllde levels on this property do noE pose potential health risks

and there 1s no evidence that migration of Ehe radloactive naterials is

adversely affecLing adjacent properties or the ground ltater'

l l
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swANtrt Roao

Map of Niagara FalLs Storage site and off-site Properties'
Lewiston, frew York, Indicatl'ng the Locatlon of Off-Site

Property S.

FIGURE 1.
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RADIONUGT,IDE

TA3LE

CONCENIRATIONS

1-B

IN BASELINE WATER SAMSLES

Locat iona
Radionucl ide Concenr ra t ioos  (pCi /  1 )

Gross  AIPha Gross  Beta

1,l1
v2
}l3
}l4
}l5
lr6
If7

0 .95  a  0 .93
0 .95  +  0 .94
0 .55  3  0 .78
0 .63  3  0 .89
0 .73  a  0 .68
1 .87  !  1 .84
1 .16  +  0 .66

0 .55  ro  1 .87

4 .79  a  1 .15
9 .17  I  1 -31
2 .73  !  1 .05
5 .37  a  r  - 17

<0 .64
14 .3  !  2 -4

<0 .63

<0 .63  t o  14 -3
Range

a
b

Refer Eo Figure 6.

Er rors  a re  2o  based on count ing  s ta t i s t i cs '

20



TABLE 2

DIRECT RADIATION LEVELS MEASURED

AT 40 T,1 GRID INTERVAIS

Grid
Locat lon

Gamna ExPosure
R a t e s a t l n A b o v e

the Surface
(uR/h)

Gamma ExPosure
Rates at the

Surface
( uR/h)

Beta-Gamtlla Dose

Rates at I cm Above
Ehe Surface

( urad/h)

0 , 50Ea
0 ,40E
0 r  0
0 , 40w.
0 ,  52WD
0 " 

97WD
0 ,120w
0 ,160W
0 ,200w
o ,235W4

4OS, 50Ea
40s ,  40E
40s ,  0
40s,  40w.
40s ,  54WD
40S, 95I^ID
40s ,120W
40s ,160W
80s,  50Ea
80s,  40E
gos ,  4Ec
80s,  40w.
8OS, 54WD
80s,  95 l ID
80s ,120W
8OS, 165Wc
80s ,200w

120S ,50E
t20s ,  40E
I20S ,  0
120s ,40 I . l .
I 20S ,55W:
t20s ,  95WD
120s ,120w
I 20S ,  160W
120s ,200w
160s ,  5OEa
l60s ,4OE
1605 ,  0
1.60 s , 40l'l,
160s ,  53wD

t2
T2
T2
r3
r3
L2
L2
L2
11
1 l
16
1 l
t l
T2'12

10
10
10
L6
10
10
10
11
10
10
9

10
14
9

i0
10
I I
t0
l 0
10
10
l4
l0
t t
IO
l0

L2
l3
13
L2
I3
13
l3
l 2
l 3
l 2
16
L2
l l
11
L2
10
l0
10
16
IO
l0
11
T2
I I
10
l0
IO
L4
9

10
l0
l 1
l0
10
t0
l0
l4
l0
l0
I I
l 0

L2
I3
13
15
L7
l3
l3
L2
l4
L2
18
L2
15
11
L2
10
l8
10
1.6
10
10
16
l8
11
l5
l0
l l
l 4
I

l 2
l 2
t2
10
t3
11
l0
14
1 l
l 2
11
l5

2T



TABLE 2'  conE.

DIRECT RADIATION LEVELS MEASURED
AT 40 M INTERVAIS

Grid
Locat ion

Garnma Exposure
R a t e s a t l m A b o v e

the Surface
(uR/h)

Gamma Exposure
Rates at the

Surface
( uR/h)

Beta-Gaoma Dose
Rates at I cn Above

Lhe Surface
( urad/h)

I5OS, 96Wb
160S ,  l 20W
l60s ,  l 60w
150S,200I . r
20os ,50Ea
200s,  40E
200s ,  0
200s, 4011.
200S,  54WD
200s, 97!,rD
2003 '  l20I. l
200s,160I . I
200s ,200I.r
2405, 50Ea
2405,  40E
2495,  0
240S, 40I{.
240S,  53W:
2405,  95$ID
2403 ,  l 20W
240S,  I60W
2805,  50Ea
2805,  408
2805 ,  0
280S ,40W.
2805,  54W:
280S,  95WD
280S,  l 20W
2805 ,160W
280S,200W
320S ,50Ea
3205 ,  408
3205 ,  0
3205 ,40W.
3205 ,5 lWD
3205 ,  95WD
320S,  l 20W
320S ' t60l^I
320S'200I^ I
360S,  50Ea
360S,  40E

l0
10
10
10
t6
l0
10
10
10
l0
10
9

10
13
l0
10
10
IO
10
10
9

L5
11
l0
10
10
l0
10
10
9

15
l l
t 0
l 0
I I
10
t0
9

l0
I6
L2

10
l0
10
9

15
10
l0
10
10
1 l
l 0
9

10
16
10
l0
10
10
l l
l0
9

l6
l0
l 0
10
1 l
t0
1 l
10
10
l6
t0
10
t t
I I
l 0
l 0
l0
l0
t6
t l

15
r0
l 0
9

l6
10
l0
16
10
l l
l0
l 1
l0
18
11
l6
10
l4
l l
l 0
r l
16
l0
t0
L2
l1
l 3
l l
l 0
L2
l6
10
l0
l 3
I I
1 l
10
t2
l0
l6
l l

22



TABLE 2r coot '

DIRECT RADIATION LEVELS }'EASURED
AT 40 M INTERVAIS

Grid
Locat ion

Garnna ExPosure
R a t e s a t l m A b o v e

the Surface
(uR/h)

Gamma ExPosure
Rates at the

Surface
(uR/h)

Beta-Ganma DOSe
Rates at I cm Above

the Surface
( urad/h)

360S ,  0
3605,  4oW.
360S,  53I {D
3605 ,  95WD
360S,  l 20w
3605 , l60I.r
360S,200l l
400s,  5OEa
400s,  40E
400s ,  0
400s,  53Wb
400s,  96WD
400s,  l20t . r
400s,  l60w
400s,200t. l

10
11
1 l
10
r0
9

10
16
l0
l 1
10
10
l0
10
l0

t0
l0
10
10
10
10
10
16
11
1 l
10
11
10
10
10

l0
15
1 I
10
11
L2
10
T7
I t
L2
1 l
l 1
10
13
1 I

a
b
c

l'leasurement performed at Property boundary'..

Measuremer,t p"tritt.a 
"t 

LagL or drainage ditch easemenE '

4 0 m g r i d i n t e r s e c t i o n n o t a c c e s s i b l e ; m e a s u r e m e n E P e r f o r m e d a t c l o s e s t
access ib le  Po in t .

23



DIRECT RADIATION
IN THE

TABLE 3

LEVELS MEASUPSD
VICINITY OF TI{E

AT 5 I,1 GRID INTERVALS
CONCRETE PAD

Grid
Locat ion

Gamna ExPosure
R a t e s a t l o A b o v e

the Surface
(uR/h)

Gamna ExPosure
Rates at the

Surface
(un/h)

Beta-Ganna Dose
Rates at I cs Above

t,he Surface
( urad/h)

53 '
55 '
55 '
55 ,
55 '
5S '
55 '
55 '
55 '
5S ,
5S '

Ios ,
10s ,
10s ,
10s ,
l0s ,
l0s ,
los ,
l0s ,
l0s ,
10s ,
l0s ,
1 5 5 ,
1 5 S ,
l 5 s ,
l 5s ,
l5s ,
1 5 S ,
l 5  s ,

0
5W

10w
15W
20sr
25W
30sl
35W
40I{
45W
50I{

r6
l t
l 4
t 1
1 l
10
10
1 l
l 4
10
11
10
11
16
l2
L2
13
l2
r3
L2
T2
L2
11
13
l6
L4
l0
l0
10
L2
22
l4
l 2
1 t
l 3
30
L2
10
l1
l l

l l
l 1
l 5
10
1 I
t2
L2
13
2L
L2
r2
11
L2
20
l6
L2
l2
l l
11
l3
L2
L2
l1
L2
14
L2
IO
11
1 l
L2
35
13
L4
11
L2
50
t0
10
IO
10

l3
1 I
l 6
11
l5
L2
L2
l5
2L
15
2L
L4
L2
20
16
17
L2
15
l8
16
L2
15
I1
44
43
T2
l0
11
tz
L2
65
l3
L4
13
15
96
I I
i0
IO
L4

L5S,
l5s ,
l5s ,
l5  s ,
20s ,
20s ,
20s ,
20s ,
20s ,
20s ,
20s ,

0
5rr

l0I.r
l5w
20w
25W
30w
35IJ
40w
45W
50w
0
5W

10w
15W
20w
25W
30I.I
35W
40w
45W
50w

0
5W

l0I.I
l 5w
20I.r
25W
301.r

2 4



DIPJCT RADIATION
IN THE

TABLE 3'  cont.

LEVELS MEASURED
VICINITY OF THE

AT 5 MGRID INTERVALS
CONCRETE PAD

Grid
Locat lon

Gamna ExPosure
Rates  a t  1  mAbove

the Surface
(uR/h)

Gamma ExPosure
Rates at' the

Surface
( uR/h)

Beta-Gamna DOse
Rates at 1 cm Above

the Surface
( urad/h)

20s ,  35W
20s,  40I {
20s ,45W
20s, 50[l
25S ,  0
25S,  5W
25S ,10W
25S,  15W
25S, 20I' I
255, 25W
25S,  30W
25S,35W
25S,40 I {
25S, 45I.I
25S ,50W
30s ,  0
30s,  5 I {
30s ,  10w
30s ,  15W
30s, 20I{
30s ,25W
30s, 30I.r
30s, 35I.r
30s,  40I {
30s ,  45W
30s, 50I.r

11
28
L2
1 l
l 0
19
32
20
2T
22
2T
24
29
L7
l l
t l
l 2
15
l6
16
19
16
16
L4
11
l0

10
49
1 l
l l
11
2L
42
19
27
23
22
22
37
L2
1 l
1 I
11
1 l
L2
L2
12.
t 2
13
l2
1 I
10

10
L20
t6
11
r2
64

130
42
73
52
22
75

110
I5
I4
11
l l
1 t
T2
l2
L4
I2
l 3
l 2
1 t
13

2 5
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APPENDIX A

Instrumentation and Analytical Procedures

Gamma SclntlLlatton lleasureqgqts

walkover surface scans and neasureBents of gaDDA exPosure rate6 ltere

performed uslng Eberline Nlodel PRM-6 Portable raEemeters wLth Victoreen Model

4g9-55 gaEna sclntll latlon probes contalnlng 3.2 cm x 3'8 cm NaI(T1)

crystaLs. Count rates \tere converted to exPosure level-s (UR/h) uslng factors

detersined by conparing the response of Ehe scLntillatlon detectors \rlth that

of a Reuter stokes Model Rss-lll pressurized lonlzation chamber at several

locations on the Nlagara Falls storage SLte and off-site ptopertles'

Bet,a-Gaona Dose Rate Measlqsaggls

lleasurements were performed using Eberllne "Rascal" ' l{odeL PRS-I '

scaler,/ratemeters wlth l,lodel tlP-250 thln-wlndow, pancake G-11' beta probee'

.Doae rates (urad/h) were detennlned by comparlng the reaponse of a vlctoreen

Model 440 lonlzation chamber eurvey meter to that of the G-i{ probes'

brehoLe logging

Borehole ganna radlatlon treasurements ltere performed uslng a vlctoreen

tlodel 489-55 gaona sclntlllatlon probe, connected to a Ludlun llodel 22OO

portable scaler. Ttre sclntil latlon probe was shielded by a L'25 cn thlck lead

shield wtth four 2.5 ,'- x 7 holes evenly spaced around che reglon of Ehe

scintLllatlon delector. Ttre probe was lowered into each hole using a trlpod

holder w'tth a soall rrinch' The borehole Itas scanned and @asurements lilere

performed at lntervaLs of 15-30 crD to identify reglons of possible residues

and gulde Ehe selection of subsurface soil sanpllng locatlons' Due to the

varying ratlos of RA-226, u-235, u-238, and Cs-I37 on the NFSS propertles

there was no attempE to estiDate soil radionuclide concentratLons directly

from Ehe logglng results '
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Soil and Sedlment' SanPIe Analysls

soir and sedlnent sanples were dried, mixed, and a portlon placed in a

O.S-llter l'larlnelli beaker' The quantlty placed ln each beaker ltas chosen to

r e p r o d u c e E h e c a l i b r a t e d c o u n t l n g g e o n e t r y a r r d r a n g e d f r o m 6 0 0 t o s 0 0 g o f

s o l l . N e t s o l l w e l . g h t s w e r e d e t e r m i n e d a n d s a m p l e s c o u n t e d u s l n g s o l l d s t a t e

G e ( L i ) a n d t n t r l ' n s l c g e r o a n i u m d e t e c t o r s c o u p l e d t o a N u c l e a r D a t a l ' l o d e I

ND-680 pulse helght anaLyzer sy8tem. Background and compton strlPplng' peak

search, peak ldentiflcation, and concentration calculaLlons were performed

usJ.ng the computer capabtlltles inherent in the analyzer system' EnergT peaks

used for determination of radionuclldes of concern ltere:

Ra-226

u-235
u-238
Cs-137

0.609 MeV fron RL-2L4 (corrected for equlllbrium conditlons)

0. 143 lteV

0.093 MeV fron Th-234 (secular equilibrium assumed)

0 .662 MeV

Wlth the excePtion of

portable survey ganma and

instrunents qtere calibrated

procedures for these Portable

Water Sample Analysls

W a t e r s a m p l e s w e r e r o u g h - f i l t e r e d t h r o u g h W h a t m a n N o . 2 f l l t e r p a p e r .

R e n a i n l n g s u s p e n d e d s o l l d s ! ' e r e r e m o v e d b y s u b s e q u e n t f l l t r a t i o n t h r o u g h

0 . 4 5 u m m e m b r a n e f l l t e r s . T h e f i l t r a t e w a s a c i d l - f l e d b y a d d l t l o n o f l 0 n l o f

concentrated nltrlc acld. A known voluue of each saople was evaporated to

dryness and counted for gross alpha and gross beta uslng a Tennelec Model

LB 5100 low-background Proportional counter'

A n a l y s l s f o r g a - 2 2 6 w a s p e r f o r n e d u s l n g t h e s t a n d a r d t e c h n l q u e E P A

600/ 4-7 5-008 (revlsed)'

Callbration and Qrality Assurance

exposure and dose rate converslon

beta-ganna neters, all survey and

with NBS-traceable standards' The

insEruments are described above'

f act,ors f or

laboraEorY

calibratlon
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Quality control procedures on all instruments lncluded dally background 
'

and check-source measurements to confirm lack of malfunctLons and

nonstatlstical deviatlons in equipmenE. The ORAU laboratory ParticlPates 1n

the EPA Quality Assurance Program.

A-3



APPENDIX B

SUI,IMARY OF RADIATION GUIDELINES
APPLICABLE TO OFF-SITE PROPERTIES AT TIIE

NIAGARA FALLS STORAGE SITE



U. S. DEPARNfENT OF EIERGY

R.ESIDU-AL CON-TA}IINATIOIi A}TD WASTE CO}ITROL CRITEP'IA
FOR

FOPJ€RIY UTILIZED SITES REE'IAI ACTION PROGR'LY FUSNAP

AND

REI1CTE SURPLUS racturres uexacetcNt pRocn'l"v sxp) srrEs

Presented  here  are  the  res idua l  con t 'ao lna t lon  c leanup and uas te  cont ro l

c r i t e r i a o f g e n e r a l a p p l i c a b l l l t y t o t h e F U S R A ? P r o j e c t a n d r e n o t e S F } | P
s i t e s ! .

'h - j . th  the  excepc ion  o f  l io i t s  fo r  rad i rn -226,  the  so1 l  res idua l  con tao ina t loo

cr i ter ia sere developed on the basls of 11ait lng uaximuu lndlvidual radl 'at1on

exposure to DOE l lul is speclf led 1n DOE Order 5480' lA excluslve of exPosure

frou natural  background radiat lon or oedical  procedures'  The aggregaCe of the

contr ibut lon frou al l  naJor PathBays, based on Ecenarlos for PetsaneDt

in t rus ion l  € .g . ;  es tab l l sh lng  res t iences  on  the  s l te ,  has  been assu 'ed '  ID

Eost clrcrr tstances, the probabl l l ty ls low that euch an lDiruslon wi l l  occur '

Also, conservaclve assu.apt ions werl  used in derlv lng these cr l ter la to ensure

tha t  a  par t i cu la r  dose 1 ia l t  wou ld  no t  be  exceeded '  use  o f  these c r i te r ta  l s

add i t iona l l y  conserva t lve  because the  pa thrays  cons ldered ln  the  der lva t loo  o f

the  c r i te r ia  assuae a l l  Ea ter  ia take  and nos t  food ln take  1s  f roo  the  s l te '

A1so,  the  s i tes  o f ten  have l ia l ted  agr lcu l tu ra l '  capab l l l t y  and the

conraoinat lon 1s general ly not iooogErr"oo..  The coobined effect of  these

factors ls such that the probable radlat ion exPosure to the. avelage populat loa

on,  o r  ln  the  v ic ln l ty  o f ,  FUSRAP s i tes  decontaa ina ted  to  these c r l te r la  l lo l t s

ui l l  not be appreclably dl f ferent froa that noroal ly received froo natural

background radiat lon.

t t re resldual contaalnat lon cr l ter la for surf2te conta$lnat lon of etnrctures

sere developed froo a proposed 
-afrSf 

standard3 uodlf led as sPProPrlate to be

conslstenr rr l th DOE Orier 5480. lA and the speclf lc neede of FUSRA? for

cost-effect lve, uorkable guidel lnes shlch provlde an adequate safety oargln'

The saste concrol  cr l ter la are conslstent wlth aPPllcable-DoE orders and EPA's

r e g u l a t l o n s f o r l n a c t l v e u r a n l r r o o l l l i n g s t t e s , 4 0 c F R l 9 2 .

I / ^  , "ooae SFI {p  s l te  l s  one tha t  ts  excess  to  DOE Progra 'Eat ic  needs  and is

-  loca ted  ou ts ide  a  ua jo r  oPera t lng  DOE R&D or  p roduc t loD -area '  
Remote  s l tes

are  t ro re  l i ke ly  to  b ;  re leased t i  t t re  pub l l c  o r  excessed to  o ther  Eovernaent

agenc ies  a f te r  decontan ina t lo i  than arL  s i tes  loca ted  u ' l th  o 'a jo r  R6D or

produc t lon  areas .

! / * S f  N l 3 . l 2  ( p r o p o s e d )  - -  a n  a d a p t a t l o n  t o  b e  a p p l l e d ,  a s  a p p r o p r J a t e '
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A . RESlDUAICO};TA].,.INATlO};CRlTEP1A FOP. FOPJ€}&Y LTILIZED S1TZS AD P'E

:RPLT!S fficri.rrrrs r+5 t I
M

T h e f o l l o t ' l n g c r l t e r l a r e P r e s e n t t h e a a x l r o r . r o t e s l d u a l c o n t a g l n a t i o n l i o l t s
for unrestricted use of land and structuret "":l=i:::t:#t:r::::"T:t1':t '
::1":::'::'il:"ili:":"i:l""ili"-;' FU'RAP and remote sFMP sltes' It 16

l h e p o l l c y o f D o E t o d e c o o t a a i n a t e e l t e s t o c o n t a o i o a t l o n l e v e l s a t o r
be los  the  l i rn l ts  and ln  a  uanne i  cons ls ten t  w l th  DoE 'e

as-Io$-as- is-reasonably-achi. . r" i rJ- lar.m.l l  
pol icy. Resldual contaalnat lon

l1oits f or ggrrei-ir"ir i"" rrrrr i l  a",r-rop"a'phen requlred uslng the 6atre

oethodologl€'  
" t  

; ; ; - ; ;"a tot  those rePresented here'

l . So i l  (Land)  Cr l te r ia  ( l {ax isuo L ie l ts  fo r  Unres t r i c ted  Use

sol1 crlt 
"ttJ'2/ 

'! l

Radlonuc l lde
i i: lg "*-" 

t""kgt"tO

c t  75
U-liatg9al=' 150
E-23*^'t l5o
v-23+\, 15'J--nf' :,:::/i; il":;'::,i"il,ll"

the surfacel 15 PCi/g sh-en

at 'eraged over 15 cn thlck

sol l  iaYers trore than 15 cs

beLos t le surface anC less

than 1'5ta belor the surface'

140
40

r90

l 5

20
800
100
80

I00
5 ,200

v-:rJ+/
Pa-231
Le227

a\-232

Ar24L^t
Pu-241:'
Pu-238,  239,  240
Cs-137
Sr-9C
i1-3 1PC:'/al soi l  oolsture)

!O. " " t tbed in  ORo-831 and oRo-832 '

?! ro the event of occurrence of mlxtures of

f rac t lon  
"o r r . r iu "a .a  

uy  each-  rad ionuc l ide

detemlnea,  t i l - the  sun o f  these f  rac t ions

are  tno  
"p" " i " i  " " " " t  

fo r  wh ich  th is  ru le

rad ionuc l ides ,  the

io  tcs  l io l t  sha l l  be

shal l  not exceed l  '  There

ous t  be  ood i f ied :
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( a ) I f R ' a - z 2 6 l s p r e s e n t , t h e g t h e f r a e t l o n f o r R a - 2 2 6 s h o u l d n o t b e
inc luded tn  t i re  suo l f  the  Ra-225 concent ra t lon  1e  less  than or

e q u a l t o t h e r h - 2 3 o c o n c e n t r a t l o n . I f t h e R a - 2 2 6 c o n c e n t l a t 1 o n
exceeds the Th-230 concentrat lon'  . then the euo shalL be

evaluated iy-r .pi"" lng the Fa-226 concenrrat lon by the

d l f fe renc"  L"ar " "n  rh ;  Ra-226 and Th-230 concen l ra t lons .

(b) ]r f .  Ac-227 i 's Present,  then the

re la t l ve  to  Th-230 aPPl ies  fo r
saoe rule glven ln (a) f'ot Ra-225

Ac-227 relat lve to Pa-231'

i /E* " "p t  fo r  Ra_226,  these c r l te r la  represent  unres t r tc t ,ed-uee

residuar concentrar ions above backgrtund averaged acrols any 15 co

thlck layer to any depth and over iny cont iguous 100 o- surface area'

Ttr€ satr€ .onaigiorrs pieval l  f ,ot  Ra-226 except for so1l la;rers beneat 'h

1 .5  u ;  benearh  1 .5  u ,  the  a l lo r . .ab le  Ra-226 concent ra t loD oay  be

affected by si te-specif lc coodit lons and oust be evaluated

accordinglY.

1/ lo"rt ized concentrat lons 1n excess of these l lu l ts are al louable

provided that the average over 100 o'  ls not exceeded'

l /n 
"rr t ie 

of natural  uraniuE treans the sro of 3.7 * loto

c is tn tegrar ions  per  secoqa ta i " i " )  f roo  u-z : i -p rus  3 '7  t - lo l0  d is /s

f roa  g-231 p f , rs  i .Z  *  fO 'a i tT t ' f roo  U-235.  One cur ie  o f  na tura l

uranl r :n  ls  equiva lent  to  3,000 k l logra.os or  6 ,600 pounds of  natura l

uranir lr.

9/or"rD.s no other uranlue lsotopes are Present'

! / tn" Ih-230 guidellne 1s 15 pCl/S to account for lngrowth of Ra'?ze

as Th-230 a"i"ys . pa-zz6 ri a :.iortlng radionucl'lde beeause 1ts

deeay product 1s Rn-222 gas'

9/ru" Pu-241 crlterlou was derived froo che AD-241 concentrat loa'

2. Stnrcture Cr t ter la axlmun L i o l t s  f o r  U n r e s t r i c t e d  U s e )

I ndoo r  Gansa  F .ad ia t i on

E.  Indoor  Radon DecaY Produc ts

A s i r u c a u r e l o c a t e d o n p r i v a t e P r o P e r t y a n d i n t e n d e d f o r
un les t r l c ted  use  sha l l  be  sub jec t  to  rened ia l  ac t lon  as  necessar ] '

tc ensure the annual average 
-"orr""ott" t ion 

of radcn decay Products

is  less  rhan 0 .03  WL r " i th ln  che s t ruc tu re '

T t r e l n d o o r g a E B a r a d i a t l o n a f t e r d e c o n t a u i n a t l o n s h a l l n o t e x c e e o
20 o ic roroentgen p" i - t 'o " t  (20  ;n /h )  above background '
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C . Indoor /Outdoor  S t ruc ture  Sur face  Contaa lna t lon

Al losab le  Sur face  I  t
Res 1dua1 Contac{nat lorF'

(dPu/100 co- \

Total Reoovable

100 20

1,000 200

5 ,000  I , 000

Radl  onucl ldes

Group l :

RadionucLldes for trhlch the
uncont lo l led area concentrat lgn
euide lc.air alove backgrounF' 1s
I  x  lo-^ t  c l lo '  or  fess or  for
shich the uncongrolled area con-
centratlonrgulde 1n lJl l tr_?!o3'
backgrounda/ ls 2 x t0 ctlm
or less; lneludes Pa-231, Ttt-228,
Th-230' Ac-227, Ra-226, Ra-228, and
Pb-z10.

Group 2:

Radlonuclldes not ln GrouP 1 for
rlhlch the uncontrol led area con-
centrat ion guide ln . |9 i r  abqve back-
groun€/ ls I r lo '-  Cl/u- or less
or for Phich the uncontrol led area
concentratlgn gulde ln-t 'ater Sbove
;;;;;;;F/-r.!-r x ro-o cllnr or
tess; includes l l-232, U-238, fh-232,
Ra-223, and Pr2l0.

Group 3:

Ttrose radlonuclldes not ln GrouP
I or GrouP 2; lncludes U-234'
tt-235, and Ra-224
and al l '  other beta-ga*a emltters'

!/ru" leve1s tlay be a'eraged, ove5 I rnz provlded the maxioun

act iv l ty lu any area of 100 cna ls less than 3 t i res the l ls i t

va lue ;  dpro '  d is in tegra t ions  Per  t r inu te '  In  the  event  o f

occur rence o f  o lx t , r r l s  o f  rad ionuc l ldes ,  the  f rac t ion  conEr lbu ted

by  each rad lonuc l lde  to  i t s  l in i t  sha l l  be  de tero ined,  and the

sr.n of these f  racElons shal l  no! exceed l  '

-UCt.r"r ,  in Actachnent I  to Chapter XI,  Table I I '  DoE order

5 4 8 0 . 1 A .
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FUSPAP AllD P€!qIE- Sn{P
n CO};TROL OF R.ADIOACTIVE IJASTES A}iD P€SIDI'ES FROY

q,t

SpeeJ, f ied  here  are  the  cont ro l

L 'as tes  and res ldues  re la ted  to

S F M P  s l t c s .

l .  l n t e r l o  S t o r a g e

Al l  oPerat lonal and control

0 rders  sha l l  aPPIY:

r e q u l r e o e n t s  ( c r l t e r l a )

the  nuc lear  fue l  cYc le
fo r  raCloac t lve

at FUSRAP and reooge

d .

€ o

€

requl reoencs specl f ied ln  the fo1 lon1ng DOE

a.  5480.1A,  Env j ' ronoenta l '  Pro tec t lon '  Safe ty '  and Hea l th  Pro tec t ioo

Prograo for DOE OPerat ions '

b . 5 4 8 0 . 2 , I i a z a r d o u s a n d R a d l o a c t l v e } t i x e d h . a s t e H a n a g e m e n t .

C . 5 4 3 3 . I , o c c u p a t l o n a l S a f e t y a n d H e a l t h P r o g r a o f o r G o v e r n D e D t { I ' l r e d
Cont rac tor -Opera ted  Fa c i l l t l es '

5484.1 ,  Env l ro i lDenta l  Pro tec t lon '  Safecy '  and Bea l th  Pro tec t loa

Inf ortat lon Report lng Requlretrents '

5484.2 ,  Unusua l  Occur rence Repor t ing  SyEteB '

Cont ro l  and s tab i l i za t ion  fea tures  w l11  be  des igned to  ensure '  3o

rhe  exren .  , " . " i i " i i i - " . r , i "vab le ,  an  e f fecr lve  11 fe .  o f  50  years ,

and in  any  case,  a t  leas t  25  Years '

g . & a - 2 2 2 c o n c e n t l a t l o n S l n t h e a t o o s p h e r e a b o v e f a c l l i t y s u r f a c e s o t
openlngs 

"t"rr  
not ( l )  exceed lo0 pc1l1 at,  any glven poiut '  or 8n

average concenr ra t fon  o i  i0  pC1/ I  io r  the  fac i f i t y  s l te ,  o r  (2 )

exceed an averag e Rn-222 contentratlon at or above any locallon

ours tde  the  fac l l l t y  s l le  
" i - i .O 

pCLl ; -  (above backgrouad) '

h . F o r w a t e r P r o t e c t l o n ' u s e e x l s t j . n g s t a t e a n d f e d e r a l s t a n d a r d s ;
aPPly sl te-speclf lc oeasures uhele needed'

2. Long-Teru l{anagement

3 .  A l l  opera t iona l  requ i reoents  sPec l f led  fo r  In te r iu  S torage

F a c i l i t i e s  ( B . l )  w i l l  a P P I Y ' '

b . C o n t r o i a n d s t a b l l l z a t i o n f e a t u r e s w i l l b e d e s i g n e d t o e n s u r e E o
t h e e x t e n t r e a s o n a b l y a c h i e s a b l e , a n e f f e c E l v e l t f e o f l , 0 0 0 y e a r s
a n d ' , i n a n y c a s e ' a t l e a s t 2 0 0 y e a r s . o t h e r d i s p o s a l s i l e d e s i g n

'  
features sha1l conforu r ; l th 40 CFR Part I92 perfortrance

gu lde  l ines /  requ i resents '
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a

c .  Rn-222 eaanat lon  to  the  a taosphere  f roo  fac l l l t y  sur faces  or
o p e n l g g  s h a l l  n o t  ( l )  e x c e e d  a n  a v e r a g e  r e l e a s e  r a t e  o f , 2 0
pCi /u - /s ,  o r  (2 )  lnc rease the  annua l  average Rn-222 concent ra t lon
at  o r  above any  loca t lon  ou ts lde  the- fac1 l1 ty  s l te  by  Eore  than 0 .5
p C t / I .

d .  For  r la te r  p ro tec t ion ,  use  ex ls t ing  6 ta te  and federa l  s tandards ;
app ly  s l te -spec l f l c  oeasures  uhere  needed.

€ .  Pr io r  to  p lacenent  o f  aoy .po ten t la l l y  b iodegradab le  cootao lna ted
L'astes 1n a Long-Tera l . laoagenent Facl l l ty,  such uastes t l l l l  be
proper ly  cond l t ioned to  ( l )  easure  Ehat  the  genera t lon  a : rd  escape
of  b iogen ic  gases  p111 no t  cause the  c r l te r la  1n  paragraph 2 .c .  to
be exceeded, and (2) ensure that biodegradat lon withj .a the faci l l ty
r i l l  not result  1n preraature structural  fal lure Dot ln accordaDce
wlth the cr l ter la 1n paragraph 2.b..  I f  blodegradable uasEes are
condlt loned by lnclnerat loa, lnclnerat lon operat lons 1111 be
carr led out iD coopl lance l l l th al l  appl lcable federal ,  atete, aud
local alr  

'euissioa 
standards and requlreoents, lncludlng auy

standards for radionucl ides establ lshed pursuant to 40 CFR Part 61,
Nat looal Eaisslon Standards for Hazardous Atr Pol lutants (NESF.APS);

EXCEPTlONS

l .  F rocet iu re  - - Ana lys ls  o f  s l te -spec l f l c  cond i t lons .

2. Appl icab l l l t y  - -  I Jhere  hea l th  and sa fe ty  wou ld  be  endangeredr 'o r
where cost c lear l)r  outeeighs benef l ts.

D. CRITERIA SOURCE

Cr l te r la Source

Resldual  Contaolnat lon cr l t " t rJ /

c.

Soi l  Crt ter la

St ruc ture  Cr i te r la

C o n t r o l  o f  R a d l o a c t i v e  W a s t e s  a n d  R e s l d u e s

In te r lu  S torage
Long-Term Managenent

DoE Order  5480. | t ,
40 CFR Fart n2:,

40 CFR Par t  192,
proposei  A. l fSI  l f  t3 .12.

D O E  O r d e r  5 4 8 0 . 1 A
40 CFR Part 192

B-6
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Procedure
App11 cabl11tY

40
40
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decaY Produc ts  to

! / ru "  bases  o f  the  res ldua l  con tamlnat lon  c r l te r la

ORO-631 
",  " t 'ppf"oented 

and 0Ro-832'

3/g"""a on l io l t lng the concentrat ' lon of radon-222

O.03 WL r t l th in  s t rucgures '

b - l
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II{TRODUCTION AI{D SUI{MARY

Beginn ing  Apr i l  25 ,  and cont ' inu ing  th rough Apr i l  30 ,  
. |983 ,  

Detec t ion  Sc iences
Group conducted a ground-penetrat ing radar survey on Area s,  G and F at  the
former  Lake Ontar io  Ordnance Works , -Lewis ton ,  New York .  The radar  survey  was
per fo rmed in  accordance w i th  0ak  R ' idge Assoc ' ia ted  un ivers i t ' i es ,  Inc .  pur lhase
Order No. c-29923-00' l  ,  Let ter  Releas-e No. l ,  dated Apr i ' l  

. |4,  
lgg3, and per

f ie ld  ins t ruc t ions  rece ' i ved  f rom 0 .R.A .U.  personne l

The f i rst  area to be surveyed was a s i te at  the northern edge of  Area S,
iust  south of  ' 'M, Street.  The radar survey zone was fror i  0S to 30S;
extendi .ng _from Ohl to 50l , / .  The nadar anomal ' ies and the radar survey l ' ines are
: !o ln in Figure l .  A total  of  17 boreholes v, ,ere surveyed in Area S. 0f  these
17 loca t ions ,  l0  appeared to  have poss ib le  subsur face  obs t ruc t ions ,  and were
moved to more benign locat ions no more than 5 meters f rom the or ig inal
loca t ions .  The  resu l t s  o ' the  boreho le  su rvey ing  and  the  co-o rd ina te i  o f
relocated boreholes are _given in Table I .  t lot  i t t  subsurface targets are
dr i l l i ng  obs tac les ;  a  ba l ' l  o f  c1ay ,  fo r  example ,  w i l l  show up  as  a  ? isc re te
ob iec t ,  ye t  i t  wou ld  p res ,en t  no  dr i l l i ng  p rob lem.  The conserva t ive  approach,
however ,  i s  to  regard  a l l  such  subsur face  ta rge ts  as  po ten t ia l  obs tac les ,
and to move the bor i  ng to a I  ocat ' ion where the radar chart  ' is  compl etely
ben i  gn .

The sect ' ion w' i th in Area S that was gr id-surveyed contained a few areas that
show up as having a strong contrast  to the surrounding natural  subsurface
strata.  Some of the radar _signatures appear to be caused by the re ' inforcing
stee' l  used i  n a concrete s l  ab.  There are d ' is t i  nct  "edge scalrs" observed wi t [
these rebar - l ' i ke  s ignatures ,  fu r ther  suggest ing  the  presence o f  bur ied  s ldbs
of  re in fo rced concre te .  Because o f  the  fo rmer  indus t i ia l  use  o f  the  s i te ,  i t
i s  l i ke1y  tha t  the  s ignatures  are ,  in  fac t ,  due to  bur ied  concre te  s lab
foundat i  ons .
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DESCRIPTION OF THE SURVEY

For  th is  survey ,  Detec t ion  Sc iences  Group used the  
. |20  

Mhz an tenna w i th  i t s
r id ia t ion  sn . ie fO.  The lZ0  Mhz an tenna prov ' ides  grea ter  penet ra t ion  than can
be obta. i  ned usi  ng hi  gher f requency antennas .  Bbcause of  prevai  ' l  i  ng -ground
cond i t ions  a t  th i  s i te ,  the 'use-  o f  a  h igh  f requency  an tenna wou ld  no t
prov ide  su f f i c ien t  penet ra t ion  in  many cases .

Us ing  the  survey  veh ic le  to  tow the  an tenna proved to  be  imprac t ica l  on  th is
iuru6v. Much of  tne area covered by the 10 meter gr id system was located in
i reas-  o f  rough te r ra in  conta ' in ing  ear th  mounds,  t rees ,  tu l l  s ta lky -growth '
and swampy areas .  Towing the  an ienna w i th  a  veh ic le  requ ' i res  a  re ' la t i ve ly
smooth,  L i interrupted te-rra ' in;  for  these reasons the radar t ransect l ines
were  done by  hand,  pu l f ing  the  an tenna across  a l l  p roposed survey  l ines .

The borehole surveying was done w'ith our t ' irne-saving -method emp'lo_y'ing a
t<notteO rope w' i th a-cei ter  p ' ivot .  The rope is l2 meters long with a loop as
j 

- 
center 

' 
pi vot, and pai nt,ed knots spiced 2 meters apart. The. .rope i s

stretched taut w'i th th'e center I oop, 6r pi vot, over the proposed borehol 5
loca t ion .  Upon comple t ion  o f  the  f i rs t  survey  l ine ,  the  rope is  p ivo ted  g lJ -

to act as a gui ie f or the second, orthogonal survey I ' i  ne w'ithout the
nece i i i t v  o t  1a l in9  ou t  a  surveyors  tape.  _Oiange p in  f lags .had been p laced
by 0 .R.R.U.  a t  ihe-s i tes  o f  p ropbsed b-oreho les .  

-Upon 
comple t ion  o f  the  radar

ii,.u.V , tn. pi n f 
' l  
ags were marked by Detec_t' ion Sci ences Group wi th the gri q

coord ina tes  and the  boreho le  desg in i t ion .  The boreho le  des ignat ions  ass ' igned
Uy Oetection Sciences Group are 

-numbered 
to show the area and the sequence

in  wh ich  the  radar  survey  was done.  (The des ignat ion  sequence ' i s  ass ign .g  9y
Detect ion Sciences Group- for  report ing purposes on' lyr  and. are not 0.R.A.U.
; ; ; i ; ; u i i ons . f  l ne  g r id ' coord in i tes  a id 'bo reho le  des igna t ' i ons  a re  l i s ted  in
Tab le  i  o f  th is  repor t .



DETECTION SCIENCES GROUP

RESULTS OF THE SURVEY .

In  Area S a  sec t ion  5g  meters  by  3g  meters  was surveyed ' in  a  g r id  pa t te rn
wi th  5  meter  spac ing  be tween radar  t ransec t  l ines .  Th is  sec t ion  o f  Area  S
was gr id -pa t te rn  surveyed to  loca te  any  concent ra t ion  o f  bur ied  mater ia ls ,
and to obtain ' informat ' ion about any subsurface disturbances that might
in te r fe re  w i th  the  p lacement  o f  a  number  o f  sha l low bor ings .  The char ts  fo r
th is  a rea  ind ica te  the  presence o f  what  appears  to  be  indus t r ia l  debr is
( rebars  f rom concre te  foundat ions ,  sheet  meta l ,  p ipes ,  e tc .  ) .  The sha l low
boreholes were therefore located where the radar d ' id not show any potent ' ia1
obs tac les  and the  appearance o f  the  ground was re la t i ve ly  ben ign .  The radar
char ts  showing ver t ' i ca l  p ro f i les  o f  the  survey  t ransec t  l ines  fo r  Area  S are
bound separately_ in book form. The radar charts for  Area S are labeled #1
through # . |9 ,  in  the  sequence in  wh ich  the  da ta  was recorded.  (The char t
numbers  are  keyed to  the  en t ry  numbers  in  the  F ie ld  Logs  conta ined ' in  the
Appendix of  th i  s report .  )  0n the charts,  the subsurface anomal ' ies are
h igh f igh ted  w i th  o range  marker .  A  l i s t i ng  o f  these  anomal ies  i s  comp i led ' in
Table I I ,  together wi th a descr ipt ion of  the anoma' ly.

Before beginning the radar survey, Detect ion Sciences Group was presented
with a map conta' in ' ing proposed locat ions for boreholes.  The boreholes for
th ' i s  s ' i te  were  des ignated  e ' i ther  "deep"  o r  "sha l low"  by  0 .R.A.U.  Most  o f  the
I ocati ons shown on the map b,ere marked i n the f i el d by orange pi n-f 

' l  
ags

p laced by  0 .R.A.U. ,  bu t  there  were  a  few loca t ' ions  tha t  had no t  been
f lagged. At the iocat ions that had not been prev' iously f lagged, Detect ion
Sciences Group placed orange p' in- f lags at  the approximate locat ions,  as
scaled from the map. Pr ior .  to surveying each borehole,  Detect ion Sciences
Group used a waterproof fe l t - t ip marker to wr i te the coordinates and the
spec ' i f i c  boreho le  des ignat ion  on  each orange p in - f lag .  A  to ta l  o f  17
boreholes v,rere surveyed at  th is s i te;  they were des' ignated 51 through 517. 0f
these l7 borehole locat ions,  l0 were re ' located because of  subsurface d' istur-
bances .  The boreho les  were  moved i f :  l )  the  dr i l l i ng  r ig  migh t  poss ib ly
encounter  d i f f i cu ' l t y  d r i l l i ng  th rough subsur face  mater ia ls  a t  the  proposed
loca t ' ion ;  2 l  there  are  u t i l ' i t i es  p resent ;  o r  3 )  the  proposed loca t ion  is
' inaccess ib le  to  the  nadar  an tenna.  A  de ta i  led  l i s t  o f  the  proposed co-
ord ina tes  and the  f ina l  co-ord ina tes  fo r  the  boreho le  loca t ions  is  shown in
Tab le  i .
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TABLE I

BORiNG LOCATIONS DETERMINED BY RADAR

AREA S

Bori  ng
Number

SI

S2

S3

S4

S5

s6
s7
s8
S9

sl0
s l l
s t2
s l3
s t4
s t5
s t6
s t7

Direc t ion  o f
Rel ocat' ion

uove lm west
Move 2m South

Move 2m West

Move in South

Move 2m East

Move 2m West

Move 2m East

Move 4m West

Move 5m South

Nou. qt North

Proposed
Locat i  on

220W, Z7S
' l7 tb l ,  l 6s

97W,  30S

52W,  25S

4 l  E ,  23S

45E,  l50s

45E,295 .5S

Fi  na l
Locat i  on

9 .5hJ ,  7 .5S

30E,  2?S

46E,  l93S

2?0w, 275

1 73hl, 
' l  
6s

97W,  32S

52W, 25S

39E,  23S

45E,  l50s

45E,295 .5S

40w,  21  S

37W,  l4s

4 lb l ,  85

25W, 25S

23W,  I  35

lgh l ,  l 3s

lohl, 225

8.5 l / ' | ,  1  2 .55

30E, 225

46E,  I  89S

40t1J,

39t^l,

39t^J,

25W,

2 shl,

l 5l^l,

lot, l,

19S

t4s
8S

25S

t3s
13S

225
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TABLE II

RADAR ANOMALIES

AREA S

Chart L ine  Coord ina tes Depth ,  F t .

#4 40|^l 20S 225 3.0

*7 30hl  265 275 5.4

Notes

H' igh di  e l  ectr ic

Concentrat ' ion of  Mater ia l

#10 I  5t l l  2?.55 3OS Near surf  ace Hi gh di  e]ectr i  c

#l 4 55 12 .5t^l I 5l^l Near surf ace Concentrati on of Materi al

#17 Z0S 39t^ l  4 lhJ Near surface Concentrat ion of  Mater ia l

#18  25S sl,J 6l^1 4.5 Hyperbol  a  (meta l  )

H igh  d i e l ec t r i c#18 25S 45t, l  47Vt 3.3

#]9 30S 34W 381^l  Near surface Concentrat ' ion of  Mater ia l
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RADAR EQUIPT.IENT

Detect. ion Sciences Group owns a modif ied SIR SYSTEM-8 radar system with an
i ; i ; ; ; . i  Motoro la  M6800 m' ic roprocessor  un ' i t .  Our  p ropr ie ta ry  mod i f i ca t ions
to t -he radar system have prov' i  ded ' increased range 

'and. 
sens' i t i  v ' i ty ,  as wel  I

; r  improving the overal l  e i t ic iency of  the dat-a-gather ing process. Detect ion
ic ien ies  Gr6up has  a lso  deve loped ipec ia l  aux i ' l l i a ry  equ ipme.n t  to  fac i l ' i ta te
our  radar  surveys .  The ind iv idua l  components  o f  the  radar  equ ipment  a re :

.  GSSI  Mode l  4800 Cont ro l  Un i t .  The cont ro l  un i t  con ta ins  the  bu lk  o f  a l l
the  radar  e ' lec t ron ics  and sys tem cont ro ls ,  and has  an  osc i l loscope
d i  sp1  ay .

. Motorola Model M58MM0lA/lA2 Monoboard Microcomputer. The m'icrocomputer
has  rea ' l - t1me process ing  capab i l i t y  fo r  background remova l ,  d ' ig i ta l
f i l te r ing ,  runn ing  averagEs,  ana o tne i  radar  s igna ' l -p rocess ing  a lgor i thms.

. Hewlett-Packard Model 3964A Instrumentation Tape Recorder. This h'igh

lr i f i tV,  four-channel  tape recorder provides master tapes of  a l l  data
recorded in  the  f ie ld

.  EpC Laborator ies, .  Inc.  Model 2800 Chart  Recorder.  This scann' ing -chart
recorder  genera tes  the  hard-copy  radar  g raph ic  char ts  (ver t i ca l  p ro f i les )

used to interPret  the radar data.

.  GSSI Radar Antenna Units.  The radar antennas operate at  d i  f ferent
frequencies;  tne depth requirements of  the survey determine the operat ing
frequency selected for the survey:

[ ] 900 MHz [ ] OOO t'tHz [ ] :OO t'tl'lz. ( I 120 MHz [ ] go unz t I l0 MHz

. Sears 500VA Sol id State Inverter.  Th' is pov{er supply uni t  provigqt -9o!!
lZ0  vo l t  u .  po* . i  l l  wet t  as  12  vo l t  d 'c  power  fo r  opera t ing  a l l  f ie ld

equ ipment  f rom the  survey  veh ic le 's  e lec t r i ca l  sys tem.

.  Honda 50OVA Genertor.  This gasof ine-powered generator_is used for surveys
in  remote  loca t ions  where  veh ic le  access  is  no t  poss ib le .

.  Remote Stop/Start  Uni t .  The remote stop/start  feature al lows the operat-
o r  to  cont ro l  the  radar  sys tem f rom the  an tenna loca t ion .

. gdorneter blheel Assembly. Thi s "f ifth whee'1" attached to the survey
veh. ic le  p rov ides  au tomi t i c  logg ing  o f  inc rementa l  d is tance t rave led
a long the 'survey  pa th ,  and au to t i t i l a l l y  logs  the  ground s ta t ions  on  the
radar  char ts .

.  Suppor t  Equ ipment .  The var ious  suppor t  equ ipment  inc ludes  the  Mic ro-compu-
te r 'Con t r i l t ' gox ,  the  Remote  Cont io l /Marke t  Un i t ,  Hand-he ' ld  Marke t  Un i t ,
io * ing  s leds ,  tow ' ing  harnesses  and misce l laneous e lec t r i ca l  cab les  and
connectors .
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